Transverse photodeflection signal formation in the framework of wave optics theory A. Glazov and K. Muratikov Russia, Politekhnicheskaya St. 26, 194021 St. Petersburg, Russia Abstract.The calculation of the transverse photodeflection signal in the framework of wave optics proves to be a more accurate approach compared to that of geometrical optics. The influence of the account of wave optics effects on a signal behavior was theoretically analyzed under various conditions. It was shown that a difference between the signals calculated using both approaches, is most essential for a phase signal component.
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The transverse photodeflection (TPD) technique has become of special interest within the last few years [l-51 for the investigation of thennal properties of various objects. For instance, it allows determination of thennal diffusivity locally and without contact in a selected lateral (parallel to the sample surface) direction. Under some conditions, quantitative photodeflection investigation is a complicated procedure needing a numerical analysis of the TPD signal. Therefore, an accuracy of a measurement depends on the theoretical approach to the signal formation.
At present, the theory of TPD methods used for these purposes is based on the notions of geometric optics [6, 7] . We showed elsewhere [8, 9] for a normal photodeflection signal that this approximation, neglecting the diffraction of a probe laser beam on the thennal lens (TL) and the probe beam intensity distribution in the region of the TL, can be responsible for a considerable difference between experimental and calculated data. This approach increases the accuracy of parameter determination, especially when phase data of the PD measurement are used.
Here we present the wave optics theory for the TPD signal formation and consider results of its comparison with the geometrical optics approach.
2.WAVE OPTICS THEORY OF TPD SIGNAL FORMATION
The wave optics approach to the TPD signal formation consists in the calculation of the probe laser bc;~oi in~cnsity distribution at ;I photodetector plane ;~ftcr an interaction with the TL using the Fresnel-Kirchhof integral, and then the calculation of the TPD signal itself for a given photoreceiver. The latter consists of two photosensitive elements with a border, perpendicular to the surface of the object under study (Fig. l) . The TPD signal is then proportional to the difference between a probe beam intensity distribution at the photodetector after an interaction with the TL and that without the TL effect:
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jp4:1994718 where 7 is the proportionality coefficient between the light intensity at the photodetector and the electric output; Uo(y',z') is the complex amplitude of the probe laser beam in the absence of the TL; U(y',z',t) describes the change of the amplitude due to the interaction of the probe beam with the TL. U(y',z',t) can be found by using the Fresnel-Kirchhof integral and the fact that the effect of the TL on the probe beam is very small and the change of the probe beam amplitude just after the interaction with the TL is is the change of the optical phase due to passing through the TL; h is the wavelength of the probe beam; dn/dT is the derivative of the medium refractive index, and T is the non-stationary component of the medium temperature. Thus, assuming Gaussian distribution of the electromagnetic field of the laser probe beam without the action of the TL in the form one can integrate (1) over the y' and z' and obtain for the time-Fourier transform of the TPD signal where X is the distance from the focal plane;k=2?r/h;r is the probe beam radius at the focus; T (&,k,,,w) is the Fourier transform of the non-stationary component of the object surface temperature T(x,y,z=O,t) over the coordinates X and y and time; f,=(k,,+ ~u/K,)"~;K, is the thermal diffusivity of the medium near the object. So, expression (5) represents the TPD signal calculated within the framework of wave optics when the finite radius of the probe beam is taken into account and a focal plane of the probe beam coincides with the center of the TL. The latter is assumed to be thinner than a probe beam waist length.
3.COMPARISON OF RESULTS O F WAVE AND GEOMETRIC APPROACHES TO THE TPD SIGNAL CALCULATION
For a detailed analysis, computations of the TPD signal for a homogeneous semi-infinite sample were made using three approximations, namely the wave optics one, the geometrical optics one, and an approximation with an infinitesin~ally small probe beam radius. In the latter case, expressions for the wave and geometrical optics are same. We consider here only the case of homogeneous objects. The hamionic law for a description of a pump beam modulation was assumed.
First of all, we study the dependence of the TPD signal on the ~nodulation frequency. 0 ---geom.optics Figure 2 shows the TPD phase dependencies on the square root of the frequency at and yo=3r -80 respectively for two probe beam radii r=35pm geolnetrical optics (p,) takes place already at 0 20 40 60 80 100 120 some hundred Hz and increases with the modulation frequency and the probe beam radius.
ROOT FREQUENCY, HZ"'
At motlulation frequencies higher than IOlcHz the Fig.2 . Frequency dependence of the TPD signal phase difference is about several tens of phase. degrees. It should be noted, that at a small yo the wave optics signal phase is smaller than that of the geometrical optics signal, while at a large yo the relation is opposite. The amplitude behavior is noticeably different only at yo less than the probe beam radius. This is important when the dependence of the TPD phase on the lateral offset is used for the thermal diffusivity determination.
Let us consider the behavior of the TPD signal as a function of the lateral offset yo. Figures 3 present these dependencies at the modulation frequency of 100 Hz for 16=lc~n2/s and at the modulation frequency of 3000 Hz for I(,=0.001cn~2/s. In the former case, the geometrical and wave approach lead to tl~c s;ilne results for the TPD phase. The difference froin the case of r=O is about one degree. In the secontl c;ise, the difference changes itself from -3 degrees at yo=Opm to + l 0 degrees at y0=300pm, whcl.cas the account of a finite probe beam radius results in the shift about 27 degrees. The amplitude beh;tvior within tlic framework of geometrical thwry is nearly independent on the probe beam radius. The amplitude calculated by wave theory is shifted to the side of large yo. An analysis shows that a difference between the two approaches increases with the ratio rIpefl, where peff is the effective thermal wave length near the probe beam. At a large thermal diffusivity of a sample, peff=pample.
Tht15, tl~c use of the conventional approach for the for~natio~~ of the transverse photodellection signal in the Cramework of geometrical optics leads often to an incorrect interpretation of experimental data. Wave optics effects begin to play an important role when the thermal diffusion length of a sample or a deflecting medium is smaller than approximately half the probe beam radius. Wave optics effects appear LATERAL OFFSET, p m LATERAL OFFSET, p m Fig.3 .The TPD signal amplitude and phase vs lateral offset y, at r=45pm, %=100pm, and at the heating beam radius of 5pm.
first in the phase component of the signal.
A wiive optics approach to the formation of the transverse photodeflection signal has to be used when the ~hennal diffusivity of a sample is small compared to that of the deflecting medium, at a high frequency, or at a large probe beain radius.
